Purpose To evaluate the safety and efficacy of finasteride treatment in patients with central serous chorioretinopathy (CSC). Methods Retrospective review of 29 eyes of 23 patients who were treated with finasteride for CSC. Previous medical and ocular history, steroid use, length of finasteride treatment, additional treatments for CSC, visual acuity (VA), central macular thickness (CMT), and presence of subretinal fluid (SRF) throughout the follow-up period, and the occurrence of any complications were recorded. Results Initial VA was 0.29 ± 0.31 logMAR, and a trend towards improved VA was noted after 3 months (0.25 ± 0.36 logMAR; P = 0.07). VA was significantly improved at the final follow-up (0.23 ± 0.27 logMAR; P = 0.024). Initial CMT was 354 ± 160 μm, and was significantly reduced after 1 month of treatment (284 ± 77 μm; P = 0.002) and this was maintained to the end of follow-up (247 ± 85 μm; P = 0.001). A significant reduction in SRF presence was found at all time points, with an overall 75.9% rate of complete resolution. Following discontinuation, SRF recurrence was noted in 37.5% of cases. No adverse events were recorded. Conclusions Finasteride is a safe and effective treatment for CSC. It may be a possible new option for the initial management of patient with CSC, and a suggested treatment approach is presented.
Introduction
Central serous chorioretinopathy (CSC) is an acquired idiopathic disorder characterized by exudative detachment of the neurosensory retina and/or retinal pigment epithelium (RPE). It is more common in males than females, 1,2 with an estimated incidence of 9.9 cases per 100 000 men and 1.7 cases per 100 000 women annually. 3 Acute CSC is usually self-limited, with recovery of visual acuity (VA), and absorption of subretinal fluid (SRF) within a few months, and patients are generally observed for 3 months allowing for spontaneous resolution. 1, 4, 5 Use of glucocorticoids has been repeatedly found to be a risk factor for CSC, and their discontinuation is recommended when this diagnosis is made. 1, 2, 6, 7 When SRF persists and VA deteriorates, treatment is considered, most commonly with verteporfin photodynamic therapy (PDT), which is the most extensively studied treatment modality for CSC. 1, [8] [9] [10] The pathophysiology of CSC has not been fully elucidated. The most common theory of pathogenesis suggests hyperpermeability and increased hydrostatic pressure in the choroidal vasculature, which creates retinal pigment epithelial detachments and overwhelms the RPE barrier function leading to SRF accumulation. 1, 5, 8, [11] [12] [13] [14] Because of the known association with glucocorticoids, it has been proposed that they cause CSC by potentiating vascular reactivity, 15 inhibiting collagen synthesis in Bruch's membrane, 16 or altering RPE function. 17, 18 As elevated levels of serum cortisol have been reported in patients with CSC, 17, 19 several studies have evaluated anti-glucocorticosteroid agents for its treatment, including ketoconazole, 20, 21 mifepristone, 22, 23 and rifampin. [24] [25] [26] Elevated testosterone levels have also been implicated in the pathogenesis of CSC, in both men and women. 17, [27] [28] [29] Finasteride is an antiandrogenic agent that inhibits 5α-reductase, the enzyme that converts testosterone to dihydrotestosterone, which binds with even greater affinity to the androgen receptor, 30 and may therefore be a potentially effective treatment option for CSC. Only one small study investigated the use of finasteride in patients with CSC. 31 The purpose of this study is to evaluate the safety and efficacy of finasteride treatment in patients with CSC.
Subjects and methods

Patient selection
This is a retrospective chart review of all patients identified with CSC who were treated with finasteride at the University of California Davis Eye Center and Health System between 1 January 2011 and 31 December 2014. The electronic and archived paper medical records of all identified subjects were retrospectively reviewed. The protocol was approved by the University of California Davis Office of Human Research.
All patients had been diagnosed with CSC by a retina specialist based on the findings on clinical examination and characteristic findings on fluorescein angiography and/or optical coherence tomography (OCT)). All patients had documented presence of SRF at the time of finasteride initiation, and had symptoms or SRF for at least 3 months before treatment. Patients with any additional ocular pathology that could affect the retinal architecture and VA were excluded (such as diabetic retinopathy, age-related macular degeneration, optic neuropathy, advanced glaucoma, amblyopia, etc.). Patients with a history of ocular trauma or any ocular surgery other than uncomplicated cataract extraction were also excluded. All patients were 18 years or older. Women who were pregnant or breastfeeding were not offered this medicine, and all included female patients were not women of childbearing age. Patients whose records were incomplete or whose follow-up was o3 months were also excluded. In patients with bilateral involvement, both eyes were included if each fulfilled the inclusion criteria.
Finasteride treatment
All patients were treated with 5 mg/day of finasteride orally. We used the 5 mg/day dose as it is commercially available and was used in the only previous study evaluating finasteride in CSC. 31 Treatment was administered for a minimum of 3 months, and was discontinued when SRF resolved. Treatment was also generally discontinued after 6 months even if SRF had not completely resolved, except for a few instances where the patients preferred to use it longer. All patients were seen 1 and 3 months after finasteride initiation. Given the drug's excellent safety profile, no additional laboratory tests were required for monitoring during the treatment period. At every visit they were asked whether they were taking the finasteride at their follow-up visits, to ensure compliance.
Data collection and analysis
The clinical data were retrieved from the medical records of included patients. Recorded parameters included patient demographics, previous medical and ocular history, history of steroid use, previous treatments for CSC, length of finasteride treatment, additional treatments for CSC, VA, and intraocular pressure throughout the follow-up period, the occurrence of any complications, and OCT data. Data were collected at the time of finasteride initiation and throughout the followup at the final available visit. Specific time points included baseline at the time of finasteride initiation, after 1 month, 3 months, at the last time point under finasteride treatment, and at the final visit.
Optical coherence tomography
OCT scans were obtained by a spectral-domain instrument (Cirrus, Carl Zeiss Meditec AG, Jena, Germany). At each time point, the OCT scans were evaluated for the presence of SRF, and central macular thickness (CMT) values were recorded.
For the purpose of this study, treatment success was defined as resolution of SRF by OCT.
Statistical analysis
For statistical analysis all VA values were converted to the logMAR scale. According to Holladay (X) and the University of Freiburg study group results (X), blindness was set at 0.00125/2.9 (decimal/logMAR), light perception at 0.0025/2.6, hand movements at 0.005/2.3, and counting fingers at 0.014/1.85. A paired two-tailed Student's t-test was used to compare means of continuous parameters between time points, and a Χ 2 test was used to analyse proportions of categorical parameters. Data were analysed using SPSS for windows version 17 (Chicago, IL, USA). A P-value of o0.05 was used to declare a statistically significant difference between groups.
Results
This series includes 29 eyes of 23 patients who met all of the inclusion criteria. There were 20 males (86.9%) and 3 females (13.1%), with a mean age of 53.2 ± 14.1 years (range 24-75 years) at initiation of finasteride treatment. Ten (43.4%) patients reported some kind of steroid use before developing CSC, including systemic treatment, inhalers, nasal sprays, and articular injections. Four of the 6 patients with bilateral CSC included in this study belonged to this group. Six (20.7%) eyes underwent previous treatment for CSC before finasteride initiation (three had PDT, two received intravitreal anti-VEGF injections, and one was treated by both).
Mean duration of follow-up was 14.7 ± 11.4 months (range 3-42 months). Mean duration of finasteride Finasteride for CSC E Moisseiev et al treatment was 5.1 ± 3.8 months (range 3-19 months). Finasteride treatment was given for 3 months in 16 (55.1%) eyes, 4 months in 4 (13.8%) eyes and 6 months in 5 (17.3%) eyes. The remaining four (13.8%) eyes belonged to four patients who continued treatment for over 6 months at their request. We note that for nine (31.0%) eyes the last visit on finasteride treatment was also the last follow-up visit. These included four eyes of four patients who elected to continue the finasteride treatment beyond 6 months, three eyes of three patients who took finasteride for 3 months and had resolution of SRF, and it was discontinued, and two eyes of two patients who were treated for 3 months and were planned to continue for another 3 months. Only one (3.4%) eye was pseudophakic at the time of finasteride initiation, and only one (3.4%) more eye underwent cataract extraction during the follow-up period.
Analysis of VA
Mean initial VA at the time of finasteride initiation was 0.29 ± 0.31 logMAR (equivalent to 20/40; range 20/20-20/400). One month following finasteride initiation, VA remained unchanged with a mean of 0.31 ± 0.38 logMAR (P = 0.80). However, a trend towards improved VA was noted at 3 months, with a mean of 0.25 ± 0.36 logMAR (equivalent to 20/36; P = 0.07). At 6 months mean VA was 0.28 ± 34 logMAR (P = 0.19), but only 11 (37.9%) of eyes were still treated with finasteride at that time point. Mean VA at the last visit on finasteride was significantly improved to 0.22 ± 0.28 logMAR (equivalent to 20/33; P = 0.024). A significant improvement in mean VA to 0.23 ± 0.27 logMAR (equivalent to 20/34; P = 0.026) was also found at the final available follow-up visit. These results are presented in Figure 1a .
Analysis of OCT data
Mean CMT at time of finasteride initiation was 354 ± 160 μm (range 200-987 μm). This parameter was significantly reduced to 284 ± 77 μm (P = 0.002) by 1 month. This effect was maintained throughout the follow-up period, with significantly reduced mean CMT values recorded after 3 months (250 ± 82 μm), after 6 months (267 ± 52 μm), at the last time point under finasteride treatment (248 ± 87 μm) and at the last visit (247 ± 85 μm; P = 0.008, 0.007, 0.001, and 0.001, respectively). These results are presented in Figure 1b .
At the time of finasteride initiation, all eyes had SRF documented by OCT. The rate of SRF presence was significantly reduced from 100 to 66.7% at 1 month, 47.3% at 3 months, and 24.1% at the last visit under finasteride treatment (P = 0.0008, o0.0001, and o0.0001, respectively). As resolution of SRF was defined as treatment success, these findings translate into success rates of 33.3% at 1 month, 52.7% at 3 months, and 75.9% at the final visit under finasteride treatment. All eyes included in this study were under finasteride treatment at these three time points. This success rate was maintained long term, as 21 (72.4%) eyes had no SRF at the final follow-up (Po0.0001).
An example of a patient who responded to finasteride treatment is provided in Figure 2 .
Complications, recurrences, and additional interventions
No patient suffered any adverse effects that warranted discontinuation of finasteride. Additional surgery was performed in only one (3.4%) eye during the follow-up period, and included uncomplicated cataract extraction that was unrelated to finasteride therapy. Figure 1 The effect of finasteride treatment on VA and CMT throughout the follow-up. A trend towards improved VA was noted after 3 months, but was lost at 6 months as only 37.9% eyes were still treated with it at that time. A statistically significant improvement in VA was found at the last visit on finasteride and at the final visit (a). CMT was significantly reduced at all time points compared with baseline (b). *indicates statistical significance. 
Eye
Twenty-one (72.4%) eyes had available follow-up after discontinuation of finasteride. Sixteen (76.2%) of theses eyes were successfully treated with complete resolution of SRF at the time of finasteride discontinuation. Following discontinuation, recurrence of SRF was noted in six (37.5%) of these eyes. Recurrence was noted after a mean of 3.7 ± 1.3 months (range 2-6 months).
Seven (24.1%) eyes in this series underwent PDT after finasteride treatment. Three of those were eyes that were treated successfully with finasteride but had recurrence of SRF after its discontinuation. The other three eyes that had recurrences were not treated by PDT as the amount of SRF was minimal or non-foveal, and were observed. Another four eyes were treated with PDT due to unsatisfactory response to finasteride. Of note is that three of the seven eyes that were treated with PDT also had previous treatment with PDT or intravitreal bevacizumab injections before initiation of finasteride treatment.
Female patients
This study included four eyes of three female patients, with a mean age of 61.0 ± 1.6 years. Under finasteride treatment, VA did not change significantly (P = 0.67), and only a modest reduction in mean CMT was noted, from 278 ± 58 μm to 244 ± 49 μm (P = 0.44). However, SRF had resolved in two (50%) of these eyes.
Discussion
The current mainstay of treatment for CSC is PDT, which has been demonstrated to be effective in resolving as well as preventing recurrences of this disorder. 1, [8] [9] [10] A recent large-scale collaboration study by the Macula Society reported a SRF resolution rate of 81% with PDT in patients with CSC. 32 Nevertheless, PDT carries a potential risk for choroidal ischaemia, RPE atrophy, RPE rip, iatrogenic choroidal neovascularization, and vision loss, even with the generally preferred half-fluence settings. 1, [32] [33] [34] [35] [36] [37] It has been shown that vascular endothelial growth factor (VEGF) levels are not elevated in patients with CSC, 38, 39 and use of intravitreal anti-VEGF agents has been found inferior to PDT. 40 Therefore, these agents have a relatively minor and controversial role in the treatment of CSC. 1, 41, 42 Oral treatment for CSC is an appealing idea, if it can be proven to be effective and systemically safe. Such a treatment could be the first treatment choice for patients with CSC who require intervention, to which PDT could be added later on if necessary. It should be noted that the 75.9% rate of SRF resolution achieved in this series is comparable to that reported with PDT (81% 32 ). Because of the known association with glucocorticosteroids, the most widely studied oral agents for the treatment of CSC are anti-glucocorticoids, such as ketoconazole, 20, 21 mifepristone, 22, 23 and rifampin. [24] [25] [26] Other reports investigated anti-mineralocorticoids, such as eplerenone [43] [44] [45] [46] and spironolactone, 47, 48 as well as carbonic anhydrase inhibitors (acetazolamide). 49 We note that all these series were small (under 20 patients) with relatively short follow-up, and reported mixed results. A reduction in CMT and SRF was noted with the three anti-glucocorticoids, although no change in VA was achieved with ketoconazole and mifepristone. [20] [21] [22] [23] The largest series of CSC patients treated with rifampin reported significant improvement in VA, but two of the Figure 2 A 47-year-old male patient with no previous treatment who responded to finasteride treatment. He was treated for 6 months and did not require any additional treatments. Top row: the patient's right eye had non-foveal CSC, with a PED and SRF at presentation (a). The SRF was absorbed by 1 month (b), and the PED was virtually gone by 3 months (c). Normal foveal contour was documented at 3 months (c) and as long as 26 months after finasteride initiation (d). VA was 20/20 at all time points as the fovea was not involved. Bottom row: the patient's left eye presented with a PED and a significant amount of SRF, which included the fovea, and VA was reduced to 20/40 (e). By 1 month, a significant reduction in SRF was noted (f), and at 3 months only a trace amount of it was left, the PED decreased in size and VA improved to 20/30 (g). At the final follow-up (26 months after initiation of finasteride and 20 months after its discontinuation), a relatively flat PED remained with no SRF, and final VA was 20/25 (h).
Finasteride for CSC E Moisseiev et al 14 patients had to discontinue the medicine owing to systemic adverse events. 26 It should also be noted that one patient treated with rifampin for CSC was reported to develop hepatotoxicity. 50 Reduction of CMT and improvement in VA was reported with the antimineralocorticoids, but it should be noted that these agents can cause low blood pressure, hyperkalemia, and other adverse effects. [43] [44] [45] [46] [47] [48] Acetazolamide was shown to reduce CMT but had no effect on VA, and it too can cause low blood pressure and other adverse effects. 49 Finasteride is approved by the FDA for the treatment of benign prostatic hyperplasia (BPH) and androgenic alopecia, and is known to have an excellent safety profile, [51] [52] [53] and has also been shown to have fewer side effects and drug interactions than ketoconazole. 54 Its most common adverse effect is decreased libido, and no laboratory workup is required except for monitoring of prostate-specific antigen in men with BPH who are using it long-term. In the only previous study of its use in CSC, finasteride was shown to improve CMT and SRF in five patients who were treated with it for 3 months and followed for 3 more, with no adverse events. 31 Our results support the hypothesis that finasteride may be an effective treatment for CSC. VA was not improved in the previous study; 31 however, our results revealed a trend towards improved VA starting after 3 months of finasteride treatment, which reached statistical significance at the end of the treatment course. In addition, a significant reduction in CMT and absorption of SRF was found at all time points, starting 1 month after finasteride initiation and lasting until the end of the follow-up period. No adverse events were noted in any patient, over a mean follow-up period of 16.1 months. Overall, treatment with finasteride achieved complete resolution of SRF in 75.9% of eyes, and the rate of SRF recurrence after its discontinuation was 37.5%, with all noted recurrences occurring within 6 months. Another important aspect in which finasteride may offer an advantage is the financial one. Although prices may vary, at the US the cost of 1 month's supply of 5 mg finasteride pills is generally o50$, considerably less than the cost of a single PDT session.
Our series also includes the first report of finasteride use for the treatment of CSC in female patients, as the previous report included only five males. 31 The majority of our series included male patients, as CSC is more common in males, and finasteride was not given to female patients with childbearing potential. However, we were able to include four eyes of three female patients with a mean age of 64.8 ± 8.6 years. Under finasteride treatment, VA and CMT did not change significantly, but this is expected given the small number of cases in this subgroup. However, SRF had completely resolved in two (50%) eyes of two of these patients. We note that similar results that did not reach statistical significance were reported for the previous study in five male patients. 31 Therefore, we believe our results may indicate some clinical usefulness of finasteride in female patients as well. This is a pilot study with relatively short follow-up. Additional limitations of this study include its retrospective nature, lack of monthly follow-up, and its sample size. However, we note that this is the largest series of CSC patients treated with an oral anti-hormonal agent, and it was large enough to achieve statistically significant results. Another limitation is the inclusion of six (20.7%) eyes that had previous treatment for CSC before finasteride, and eight (24.1%) that underwent subsequent PDT. We note that three eyes belonged to both of these groups, and may represent more severe and refractory cases. In addition, we note that the initial mean VA was relatively good (0.30 logMAR; equivalent to 20/40 Snellen) and that nine (30%) eyes had non-foveal involvement. These factors may have caused a ceiling effect preventing the visual improvement from achieving stronger statistical significance. Finally, we note that CSC has a high rate of spontaneous resolution, and as the study does not include an observational control group, it is possible that spontaneous resolution is responsible for some of the improvement in VA and SRF resolution that was noted with finasteride treatment.
In conclusion, our results strengthen the findings previously reported, 31 and support the role of androgens in the pathogenesis of CSC and of finasteride for its treatment, even in female patients. Owing to its remarkable effect in reducing CMT and SRF, and excellent safety profile, we suggest it may be tried in the initial treatment of patients with CSC. Finasteride was found to have an impressive rate of success in SRF resolution, and a lower rate of recurrence after its discontinuation. We recommend a trial of finasteride for 3-6 months in patients with CSC: if treatment is successful, patients should be followed for recurrences especially during the first 6 months following finasteride discontinuation. Cases with recurrence of SRF can be observed, re-treated with finasteride or referred for PDT according to their severity. It finasteride treatment is not successful, it should be stopped and PDT or alternative treatments considered. Patients who have SRF recurrence after discontinuing finasteride after initial success can be considered for long-term treatment with it, as data from patients chronically treated with it for other conditions indicate its safety. [51] [52] [53] We note that four patients in our series used finasteride for longer than 6 months with no adverse effects. Further large-scale randomized controlled studies of the dosage and duration of finasteride treatment in patients with CSC will be needed to further validate our findings and establish guidelines for its optimal use.
